Among the L-type colonies which develop in Proteus mirabilis under the influence of penicillin, the L-type colonies of type 3A could be changed relatively easily into the so-called stable L form. After this change, they could be maintained as L forms in the absence of penicillin and showed no tendency for reversion to the normal bacillary type. They displayed a characteristic mode of reproduction, no longer involving a process of regular binary fissions; instead, the formation of new cellular elements took place by irregular budding. The transition into this type of stable L form, under the influence of penicillin, is attributable to a drastic change in cell envelopes. Chemical analyses demonstrated that the normal constituents of bacterial cell walls are either absent or present only in trace amounts (Kandler, Hund, and Zehender, 1958; Morrison and Weibull, 1962) .
It has been demonstrated that these stable L forms are resistant to bacteriophages that would lyse the parental bacillary strains; in contrast, penicillin-induced spheroplasts, and the unstable L forms of type 3B (Dienes, 1949) which revert after removal of penicillin, retain the phage susceptibility of their parent strains (B6hme and Taubeneck, Bohme, and Schuhmann, 1958; Taubeneck, 1961) . These results support the conclusion that stable L forms have suffered an irreversible loss of cellwall constituents, which simultaneously has led to a loss of the wall's morphogenetic functions, and of phage receptors. Nevertheless, experimental results so far obtained have not ruled out the possibility that the resulting phage resistance may be due to other causes. If one assumes that some active phage receptors are present in the chemically altered cell walls or in the traces of walls that might remain in L forms, then it is possible that some adsorption of bacteriophages might occur, leading to the subsequent injection of phage deoxyribonucleic acid; however, in this case, one would have to assume that the absence of lytic phenomena must be due to an inability of the stable L forms to support phage reproduction or maturation. To decide between these alternatives, it became of interest to determine whether stable L forms of lysogenic P. mirabilis strains retain the lysogeny of their parent bacteria and have the ability of their bacillary progenitors to produce mature phage.
MATERIALS AND METHODS Parental strains. A total of 24 different P. mirabilis strains, all of which conformed with the diagnostic criteria stipulated in Bergey's manual of determinative bacteriology, were employed in the present investigation.
Production of stable L forms. For the production of L forms, 18-hr broth cultures were transferred to previously dried nutrient agar plates, which contained 400 ,ug/ml of penicillin and 10% bovine serum. After 4 to 5 days of incubation at 37 C, small pieces of agar were cut from these TAUBENECK plates, and the surface of these pieces, containing mostly L colonies of type 3A, was then used to inoculate, by smearing, the surface of fresh penicillin-serum-nutrient agar plates. Additional plates were subsequently inoculated with the L growth which developed on the surface of these plates; at the same time, penicillin-free plates were also inoculated with the surface growth of such agar blocks to determine the time at which stabilization of L-type growth had occurred. In using this procedure of mass transfers, it was found that a variable number of penicillin passages was required to bring different strains into the stage where they would continue to grow as L forms on penicillin-free media. The stability of the L form was regarded as permanent whenever strains which had changed into L-type growth failed to show any tendency for reversion into the bacillary form after six to eight subsequent passages on penicillin-free media.
After such stabilization, the different L forms were adapted to growth in liquid cultures. This was done by transferring pieces of agar which showed good L-type growth to serum broth and incubating these cultures on a shaker at 37 C. The time requirements for adaptation to growth in liquid media also differed for different strains. Adaptation to growth in liquid, however, was always successful, even though some strains had to be transferred repeatedly before they showed good growth under the conditions of shakecultures (see Table 1 ).
After stabilization, the L forms growing on the surface of nutrient agar showed a compact type Tests for phage production. To test the phage production of lysogenic strains, broth cultures were incubated for 24 to 72 hr on a rotary shaker. For the growth of stable L forms, the medium in these test cultures was supplemented with 10% horse or bovine serum. Control cultures, also containing serum, were simultaneously inoculated with the strain from which the L form under test had been derived. After incubation, the cultures were filtered through Jena sintered-glass filters (G5) or 1% chloroform was added to kill the bacteria or the L forms. Cultures to which chloroform had been added were shaken thoroughly and then permitted to stand for 2 hr at 37 C. The filtrates or the chloroform-killed cultures were then used for inoculating nutrient agar plates which consisted of two layers: a lower thick layer consisting of sterile 2% agar and an upper thin layer consisting of 0.7% agar which contained a suspension of a 4-hr culture of the appropriate indicator strain. The material to be tested was applied in drops, and the plates were inspected 6 to 8, 24, and 48 hr later. Appropriate controls were included in all tests.
RESULTS
Lysogeny of the parental strains (bacillary forms). Among the 24 P. mirabilis strains tested, 14 lysogenic strains were detected. Of 12 strains used as indicator strains, 7 proved to be lysogenic. In all cases, the release of phage was spontaneous.
Eight of the strains which had proved to be lysogenic were used for the production of stable L forms. In addition, stable L forms were produced from strain R25, for which no indicator strain had been detected. Table 2 shows the properties of the different strains in regard to their phage production and their sensitivity to phages produced by other strains. Properties of the stable L forms produced from them are also listed.
Additional results in regard to the lysogeny of the bacillary forms of different P. mirabilis strains will be reported elsewhere. Here we wish to mention merely that some definite groupings Lysogeny of stable L forms. At the time the tests were performed, the different strains of stable L forms had gone not only through the number of passages (on solid and liquid media) indicated in Table 1 , but they also had experienced an average of 15 to 20 additional passages in liquid cultures. Reversions to the bacillary form could not be observed in the course of the present experiments. Table 2 demonstrates that the stable L forms of strains 653, 657, 665, and 1103 lost the indicator properties of their parental strains. They proved to be resistant to all phages which cause lysis of the bacillary parental type.
Furthermore, Table 2 demonstrates conclusively that the lysogeny of the parentaj strains was maintained in the stable L forms derived from these strains. In five cases, the liberation of the phage by the normal bacillary forms, and by the L forms derived from them, was entirely identical. Three stable L forms, however, showed an altered lytic spectrum in comparison with their lysogenic bacillary parents. Thus, in the case of the normal bacillary form of P. mirabilis PCL, one can observe the existence of an additional indicator strain which was not affected by phages produced by the stable L form derived from strain PCL. Experiments with different indicator strains which had been lysogenized with the temperate phages of strain PCL then revealed that P. mirabilis PCL actually produces at least two different phages, only one of which lyses strain 167A. It is, therefore, likely that this phage is no longer produced spontaneously by the stable L form. Attempts to restore the total lytic spectrum by ultraviolet irradiation of the L form culture yielded only negative results. In contrast to the latter case, one can observe that phages from the stable L form of strain 656 reacted with one more indicator strain than did phages obtained from the parental bacillary form. The production of the phage which is responsible for this phenomenon is not initiated by the transition into L-type growth; even the production of penicillin spheroplasts suffices for the production of this phage. In this instance too, experiments on lysogenesis demonstrated that the normal bacillary form produces at least two different phages. Exposure to penicillin appears 86, 1963 supports the previous conclusion (Taubeneck, 1961) that the phage resistance of stable L forms is not due to an inability to support phage multiplication but is due to a lack of the normal cell wall and, also, of phage receptors. Loss of the normal cell wall thus causes phage resistance without having any influence on phage production.
The same is true for the phage resistance of the protoplasts of gram-positive bacteria. It has been demonstrated in Bacillus megaterium that protoplast formation after phage absorption does not interfere with the maturation of infectious phage particles, though the yields are lower than in the normal bacillary form. It has also been demonstrated that lysogenic B. megaterium can produce mature phages after induction and subsequent transformation into protoplasts (see McQuillen, 1960) . Since the stable L forms, in contrast to the protoplasts of B. megaterium, can undergo multiplication of a special sort, the demonstration of lysogeny in these forms throws new light on an additional question. It was pointed out in the Introduction that multiplication of L forms does not occur by fission but through a sort of budding, the mechanism of which is far from being understood. In the course of these budding processes, large elements of different sizes are formed, only some of which are capable of multiplication. According to recent investigations (Weibull and Lundin, 1962; Taubeneck, 1962) , only those elements which have a diameter of at least 0.6 to 1.0 ,u are capable of further multiplication. Such multiplication in turn will produce again elements some of which are capable, and others incapable, of further multiplication. Experiments in which the elements of L-form cultures have been separated according to size (Terranova and Mandel, 1960) have shown that the small elements which are incapable of further multiplication are incomplete forms showing deficiencies in metabolism (Weibull and Beckman, 1961) . In addition, there appear to be very large forms which also have to be considered as degenerate. The fact that unfractionated stable L-form cultures show on the average the same qualitative metabolic abilities as their parental bacillary type (Kandler, Zehender, and Muller, 1956) indicates that the distribution of nuclear materials and possibly also of cytoplasmic components must occur in such a manner that, despite the irregular budding processes which lead to the formation of numerous incomplete forms, enough elements are produced with genetic completeness to permit both normal metabolism and renewed ability for undergoing budding processes. The apparently unlimited transfer of prophages in this state of L form is an additional concrete indication of the occurrence of such complete genetic transfers.
It is not possible to explain with certainty the mechanisms responsible for the alterations of lysogenic properties which have been observed in the course of these experiments where properties of stable L forms differed from those of their bacillary parental forms. It will be recalled that, in most instances, these differences involved an increased phage production in the L form. It is possible that these alterations are attributable to a change of conditions required for induction as a result of the penicillin-induced change from the normal cellular structure to the modified structure, be it spheroplasts or stable L forms. Additional experiments will be required to determine which specific alteration of the cellular environment is responsible for these changes.
